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Abstract

This study uses the many-facet Rasch model to analyze the severity
and leniency of raters of open-ended mathematic questions rated
through standard rubrics and rubrics based on the SOLO
taxonomy. The data source of the study was obtained from 104
eight grade students based on their responses to open-ended
questions on mathematics-achievement test that was created by the
researchers. The study’s participants were seven mathematics
teachers who serving as raters in the research. The data collection
instruments involved standard rubrics and rubrics based on the
SOLO taxonomy. The collection of the data was performed in a few
phases. In the first phase, the mathematics achievement test, which
included open-ended questions, was administered to the students
and evaluated by the raters. Then, raters scored students’ responses
to the open-ended questions using standard rubrics. Next, the
raters scored the responses using rubrics based on the SOLO
taxonomy. The data thus acquired were analyzed using the many-
facet Rasch model. The study found that the raters' agreement was
low, and that there were significant differences between raters in
terms of severity and leniency when they used standard rubrics.
When the ratings were done with rubrics based on SOLO
taxonomy, the raters were consistent and their scoring severity and
leniency were similar to each other.
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Introduction

Evaluation of Mathematical Achievement

It is not possible to determine students' actual levels of learning mathematics subjects since
achievement is an abstract phenomenon that cannot be observed directly, but only measured indirectly
(Tan, 2015). In arguments about a student's level of learning a subject, the student's performance of a
task or responses to questions play an essential role. Thus, studies of the evaluation of the mathematical
performance are based on the assumption that students' responses to items on a valid and reliable test
are a valid indicator the level of their abilities. This makes the selection of the questions and tasks for
the evaluation of students' mathematical achievement a critical component of the assessment process
(Romberg & Wilson, 1992). The methods used in the mathematical assessment process must be capable
of measuring the skills students attain in mathematical classes. These skills are: i) comprehension of
mathematical concepts and systems, ii) using these concepts and systems in real life and in other fields
of learning, iii) using mathematical terminology correctly to explain personal opinions, iv) creating
arguments using induction and deduction, v) developing problem-solving strategies and applying them
to problems in everyday life (Ministry of National Education [MNE], 2009; National Council of Teachers
of Mathematics [NCTM], 2000). Multiple-choice tests are not sufficient for the measurement of these
skills. Thus, methods beyond multiple-choice tests are needed in mathematics evaluation process. This
gap is filled by the natural aspects of performance assessment (Giiler, 2008).

Performance Assessment

Performance assessment has been described variously by many researchers. Since researchers
assign different meanings to performance assessment, it is difficult to delineate this concept (Palm,
2008). Stecher (2010) suggested focusing on what performance assessment is not, rather than what it is
to be able to determine its limits clearly. Performance assessment is not a multiple-choice, true-false or
matching test (Stecher, 2010). Instead, students should respond for themselves in performance
assessment (Zhu, 2009). This requires students to structure the information instead of merely retrieving
it from their memories as they do in multiple-choice tests (Moore, 2009). In other words, performance
assessment requires students to solve complicated problems, show their work (McBee & Barnes, 2009)
and justify their responses (Woodward, Monroe, & Baxter, 2001). These aspects of performance
assessment help students to see their strengths and weaknesses and gives them more detailed
information about the things they learn. They also participate in the learning process more actively,
explain their thoughts freely, use their mathematical knowledge and mathematical thinking skills and
build relationships between the things they learn (National Assessment Governing Board [NAGB],
2002). All of these points help students improve their superior cognitive skills (Kind, 1999). Thus,
performance assessment is a better way of measuring the complicated skills and communicative
competencies required by modern societies (Palm, 2008).

Performance assessment has several limitations in addition to its listed advantages. The primary
limitation of performance assessment is that it cannot be scored objectively like multiple-choice tests
(Romagnano, 2001). Students' scores on a test which is not scored objectively may vary according to the
rater (Tekin, 2009). In the literature there are several studies exemplifying this situation (Ozmantar,
Bingdlbali, & Akkog, 2008; Giiler, 2008; Kan, 2005; Koretz, McCaffrey, Klein, Bell, & Stecher, 1992;
Toffoli, Andrade, & Bornia, 2016). For instance, in a study by Koretz et al. (1992), students’ mathematical
performances were scored by two raters using a rubric with four points and found that the consistency
between the two raters was weak. In the study by Ozmantar et al. (2008), 171 teachers scored the same
student’s responses to an open-ended mathematical question and gave different scores ranging between
0 and 10. Of the teachers, 44% gave 10 out of 10 points while 24% gave 0 points for the same response.
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Another study by Bingolbali, Ozmantar, and Akkog (2008) found that a majority of teachers gave
privilege to practical solutions based on rules and disregarded different solution methods while scoring
students' responses to open-ended mathematical problems. A study conducted by Giiler (2008) could
also stand as an example for rater differences in performance assessment. In the research conducted by
Giiler (2008) students' responses to open-ended math questions were scored by four different raters,
and the results were evaluated using a many-facet Rasch model. The Rasch analysis indicated that the
consistency among the raters was weak, and they were inclined to give different scores for the same
response. This shows that students’ performances on open-ended questions do not only depend on their
ability levels, but were also influenced by factors caused by the raters (e.g., raters' age, gender, scoring
experience, previous training in assessment). The rater’s influence on students' performances is called
rater effect (Farrokhi, Esfandiari, & Vaez Dalili, 2011). Since rater effects lead to variance that is not
related to the criteria used to assess students’ test scores (Eckes, 2005; Hoyt, 2000), these effects increase

the errors in the assessment and reduce the reliability of judgements about students’ ability levels.

Rater effects in performance assessment include raters' leniency and severity, central tendency,
halo effect, range restriction (Saal, Downey, & Lahey, 1980) rater bias (differential rater leniency and
severity) and inconsistency (Myford & Wolfe, 2004). However, Cronbach (1990) said that raters' leniency
and severity are the most important rater effect in performance assessment. Raters' leniency and severity
refers to raters’ regularly inclination to give higher or lower scores than other raters or benchmark
ratings (Jackson, Schuler, & Werner, 2009). Rater's leniency and severity can lead to a student rated by
a severe rater obtaining a lower score than other students with weaker skills who are graded by a lenient
rater (Wiseman, 2012). This tendency reduces the consistency between raters. The consistency in the
scores given to the same person by the two or more raters is accepted as the criterion for reliability
between the raters (Moskal & Leydens, 2000). Thus, multiple raters giving scores with different severity
and leniency means that the reliability between the raters is low, while it shows high reliability between
raters when they give scores with similar severity and leniency.

The severity and leniency of raters may cause students, who are rated by severe raters, to obtain
lower scores than other students who are less talented at the subject of the assessment, but evaluated by
more lenient raters (Wiseman, 2012). In this situation, the variance between the scores of the students
reflects not only their competency levels, but also includes the raters' severity and leniency. Rater
severity thus has serious implications, particularly for students who have score near the cut score
(whose ability levels correspond to the criterion used in the assessment), and these results may be
difficult to compensate for. For instance, if a senior student is scored by a severe rater, that student may
have to continue school for another semester or even an entire academic year (McNamara, 1996). On
the other hand, rater leniency can help students who fail to achieve their goals to pass a course or
graduate. For instance, when medical students’ suturing skills are assessed by a lenient rater, it can lead
to inaccurate evaluations of students who have insufficient suturing skills. Thus, the severity and
leniency of the raters should be minimized to obtain accurate results. Raters should use a common
approach to the criteria to be used in assessment to control rater severity and leniency. Rating students'
responses using rubrics is one of the most important ways to establish such a common approach.

Standard Rubrics and Rubrics Based on the SOLO (Structure of Observed Learning Outcome)

Taxonomy

Rubrics are guides for rating that describe the characteristics and criteria for different levels of
performance (Kan, 2007). Rubrics both increase the consistency between the scores of raters who score
the same performance and prevent one rater from giving different scores to the same performance on
different occasions. Thus, rubrics make it possible for rating to be performed regardless of when or by
whom it is done (Moskal & Leydens, 2000). Some rubrics are created with no supporting taxonomy, and
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in this study, they are called standard rubrics. In standard rubrics, the criteria for evaluation are

determined without any taxonomy that supports them and the ratings are done by using different

"nn "o "o

degrees such as "inadequate," "developing," "acceptable,” "good" and "very good" (Gronlund, 1998). The rater
identifies the level of the rubric suited to the student's response considering the steps in solving the
problem, the correctness of the result and the sufficiency and comprehensibility of the explanations of
the solution. For instance in a standard rubric, if a student's response and solution to an open-ended
mathematical problem are both incorrect, the level is "inadequate." If the response is correct, but the
operations and the solution are incorrect, the level is "developing." If the strategies used in the solution
are correct and clear but the response is incorrect because of few mistakes, the level is “good”. If the
response is correct, and the steps of the solution are clear and understandable, then the level is "very
good." With the aim of presenting an example for standard rubrics, Table 1 illustrates a holistic rubric
that is included in the teachers' guide published by the Ministry of National Education (MNE) (2007)

and addressed to measure students' problem solving skills in mathematics.

Table 1. Examples of Standard Rubrics for Mathematics Problem Solving Skills

Criteria Score

1 Point  If the solution has the following characteristics, this point will be given

-No operations have been made

-The student wrote only the incorrect answer

-The students only copied the data in the problem or there are no signs of understanding the
problem

2 Points If the solution has the following characteristics, this point will be given

-The student operated only on one of the subgoals and has not reached any results

-The student started to make operations to solve the problem, yet the operations were not
sufficient to find the correct answer

-The student started with an inappropriate strategy or tried to solve the problem using that
strategy and failed

3 Points If the solution has the following characteristics, this point will be given

-The student understood the problem but reached an incorrect result since her or she started
with an incorrect strategy

-The student found the correct answer but the solution is not clear

-The correct answer is provided but without any operations

-The only correct answer belongs to one of the subgoals of the problem

-Only the beginning of the problem is solved with the correct strategy

-The student selected the correct strategy but used it incorrectly

4 Points If the solution has the following characteristics, this point will be given

-The student found an incorrect answer since he or she partly understood the problem or did
not understand at all

-The student reached an incorrect answer due to unclear reasons despite using an
appropriate strategy

-The student gave a correct answer, although the correct strategy is not observed in the
operations

-The student used the correct strategy but did not write the result

5 Points If the solution has the following characteristics, this point will be given

-The student made an error using the correct strategy, but this error resulted neither from
misunderstanding the problem nor from a misconception
-The student used the correct strategy and reached the correct solution
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Some researchers use the reflective thinking model, Bloom taxonomy or SOLO taxonomy to
determine the assessment criteria for rubrics (Chan, Tsui, Mandy, & Hong, 2002). Rubrics based on the
SOLO taxonomy are often used to rate open-ended questions at various educational levels and in
various courses (Hattie & Purdie, 1998). The SOLO taxonomy was created by Biggs and Collis (1982)
with the purpose of explaining the structure of the observed learning outcomes. In the SOLO taxonomy,
the learning cycle has five different levels. They are: prestructural, unistructural, multistructural,
relational and extended abstract (Mohd Nor & Idris, 2010). These levels represent five different ways
students can structure their responses to any kind of question (Lucas & Mladenovic, 2008). On the
prestructural level, the student fails to perform the task appropriately. The student’s arguments do not
provide any help to solve the problem (Leung, 2000). The answer provided by the student is not relevant
to the problem itself (Brabrand & Dahl, 2009). On the unistructural level, the student approaches the
subject with a shallow and limited viewpoint and focuses on a single aspect of it. On the multistructural
level, the student understands multiple aspects of the subject, yet fails to build a correlation between
them. Students' explanations of the solution and the opinions they express include many components.
However, the organization of the opinions is poor. The student cannot put the opinions he or she
produced together in a consistent way (Leung, 2000). On the relational level, the student sees different
sides of the problem and manages to integrate them. On this level, concepts are applied to similar
situations or problems. However, they cannot be transferred to another field (Kanuka, 2011). Finally, on
the extended abstract, the student can perform reflection and evaluation, create hypotheses and transfer
their learning to another field using inductive, deductive and combinational thought processes (Lake,
1999).

The Advantages of Rubrics Based on the SOLO Taxonomy

There are many advantages of using rubrics based on SOLO taxonomy to evaluate students’
performance. The SOLO taxonomy helps to determine students' deficiencies in the learning process and
makes it possible to do partial credit. This aspect of the SOLO taxonomy makes it suitable for formative
assessment, which aims to determine students’ strengths and weaknesses and eliminate deficiencies
and mistakes. It is also suitable for summative assessment (Hattie & Purdie, 1998). Another strength of
rubrics based on the SOLO taxonomy is that they identify both qualitative (deeper learning) and
quantitative (superficial learning) aspects of learning (Burnett, 1999). Students who do not understand
or misunderstand a subject in the prestructural level of SOLO taxonomy focus on merely a single side
of the subject on the unistructural level and can list many aspects of the subject without building
correlations between them on the multistructural level. Thus, there is a quantitative increase in students'
learning from the prestructural level to the multistructural level (Rembach & Dison, 2016). On the
relational level, students can make a meaningful integration of the aspects they list in the multistructural
level. Then, on the extended abstract level, they can transfer this meaningfully integrated knowledge to
another field. The relational and extended abstract levels reflect the qualitative side of learning
(Brabrand & Dabhl, 2009). The rubrics based on SOLO taxonomy are used in a variety of lessons to rate
open-ended questions due to these advantages. One of these lessons is mathematics (Collis & Romberg,
1992; Lian & Yew, 2012). Although the SOLO taxonomy was not created specifically for the assessment
of mathematical outcomes, its levels parallel different forms of mathematical thinking such as algebra,
statistics and geometry (Jurdak, 1991; Lian & Idris, 2006; Mooney, 2002). Thus, rubrics based on the
SOLO taxonomy are commonly used to rate open-ended mathematical questions. Despite their common
use, there are no studies in the relevant literature examining the effectiveness of rubrics based on SOLO

taxonomy in controlling rater effect.
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The Objective and Importance of the Study

This study uses the many-facet Rasch model to analyze the severity and leniency of raters of
open-ended mathematical problems using standard rubrics and rubrics based on the SOLO taxonomy.
The study findings will identify which of the two rubrics that were created to score open-ended
mathematical questions is more effective in eliminating the differences between raters and improving
rater reliability. Moreover, they can indirectly guide assessment studies in other disciplines since the
SOLO taxonomy is not dependent on content (Kanuka, 2011). The MNE and Student Selection and
Placement Center (SSPC) plan to include open-ended questions into the national examinations in
upcoming years, which implies that this study will make great contributions to large-scale testing in the
future. In the statement made by MNE regarding the secondary school entrance exam, it was claimed
that when FATIH project was initiated with all its components, each student would have a tablet, which
could enable open-ended questions to be included in the large scale assessments (MNE, 2013). Similarly,
SSPC initiated the Open-Ended Test Project as of 2013 (Student Selection and Placement Center [SSPC],
2013). In framework of this project, it is suggested that open-ended questions will be included in the
central examinations along with multiple choice questions, particularly on examinations with fewer
candidates. Thus, it is expected that the findings of this study will also be useful for large-scale tests and

examinations.

Although there is plenty of theoretical knowledge in the relevant literature about the fact that
rater reliability should be high in assessments that use rubrics based on SOLO taxonomy, there are few
empirical studies of the effect of these rubrics on rater reliability (Burnett, 1999; Chan et al., 2002; Hattie
& Purdie, 1998). These studies derived contradictory findings about how the rubrics based on SOLO
taxonomy affected rater reliability. For instance, Hattie and Purdie (1998), Burnett (1999) and Chan et
al. (2002) reported that rubrics based on the SOLO taxonomy increase the rater reliability. On the other
hand, Leung (2000) and Chan, Hong, and Chan (2001) claim that these rubrics achieve low rater
consistency. These different results show that there is a need for new research on this subject. The

authors believe that this study will meet this need and thus contribute to the relevant literature.

To determine accurately how rubrics based on the SOLO taxonomy influence rater reliability,
future studies about this subject should be planned carefully. Studies in the relevant literature examine
the influence of rubrics based on the SOLO taxonomy without comparing them to standard rubrics. The
effect of the SOLO taxonomy on rater reliability was attempted to be identified using Bloom's taxonomy
by Hattie and Purdie (1998), using a scoring key developed by the raters themselves in the research by
Cetin, Boran, and Yazic1 (2014), and comparing the SOLO taxonomy with the rubrics based on Bloom's
taxonomy and the reflective thinking model by Chan et al. (2002). All types of rubrics are supposed to
reduce differences between raters and increase their consistency (Airasian, 2005). Thus, it is necessary
to do a comparative analysis of the ratings done with these two types of rubrics in order to determine
whether the rubrics based on SOLO taxonomy are more influential in eliminating the difference
between raters and increasing rater reliability than the standard rubrics which are created without any
supporting taxonomy. If this comparison is not made, it is not possible to determine whether the
influence of rubrics based on SOLO taxonomy on rater reliability resulted from the use of rubrics in the
rating process or from the fact that the SOLO taxonomy is the basis of the rubrics used for the rating.
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In the studies on determining how rubrics based on the SOLO taxonomy influence rater
reliability, the method used to examine reliability is very important. A review of the relevant literature
indicates that the studies exploring the influence of rubrics based on the SOLO taxonomy on rater
reliability (Burnett, 1999; Hundzynski, 2008; Leung, 2000; Yazici, 2013) use the techniques which depend
on classical test theory such as the correlation coefficient between raters, simple percent agreement and
comparing the means of the raters. This study will use the many-facet Rasch model. According to the
many-facet Rasch model, the factors that can affect students’ test scores may not be limited to their
ability levels or the difficulty levels of the items used in the assessment when the assessment is
performed using open-ended questions and factors related to raters might also cause differences in
students’ test scores (Baird, Hayes, Johnson, Johnson, & Lamprianou, 2013). This aspect of the Rasch
model makes it suitable for open-ended questions that are designed in a subjective way (Mulqueen,
Baker, & Dismukes, 2000). The many-facet Rasch model is stronger than the classical test theory in
psychometric grounds since it is capable of considering multiple error sources simultaneously,
determining the interactions between different error sources (Haiyang, 2010), generating ability
estimations with higher validity ({lhan, 2016) and providing information at individual level about the
persons whose performance is evaluated, the raters and the items instead of providing it at the group
level (Barkaoui, 2008). For these reasons, this study uses the many-facet Rasch model, which is different
from previous studies that examined rater reliability using methods based on classical test theory. This

is another aspect of this study which will contribute to the relevant literature.

Method

This section explains the study’s data sources, participants, data collection tools,
implementation and the statistical methods used for data analysis.

Data Source

The data source of the study is the responses to open-ended questions on an achievement test
created by the researchers given by 104 eight grade students (46 females and 58 males). The achievement
test administered to the students was created for a mathematics course. To create the test, the authors
initially prepared 18 open-ended questions about numbers, geometry, algebra, measuring, probability,
and statistics. After the items were written, the authors sought the opinions of ten experts to evaluate
the understandability and appropriateness for eighth grade students. Table 2 presents the demographic
data of these experts. The experts assessed the items using a three-degree scale that said, The iterm can be
included in the measurement tool as it is (3), The item can be included in the measurement tool after it is revised
(2) and The item should be excluded from the measurement tool (1). This study is not concerned with
determining students' achievement in any mathematical subject. Thus, the authors did not do any
analyses regarding content validity. Based on the opinions of the experts, the authors deleted six items
that were thought to be inappropriate for eighth grade students or might not be understandable enough,
and some items were expressed in more understandable ways.

After consulting the expert opinions, the final form of the test included 12 questions since six
items were deleted and five items were revised. The authors performed a pilot study with a small
student group before finalizing the test and the authors administered the test to 13 eighth grade
students; of them, seven were females and six were males. The aim of this pilot practice was to learn
students' opinions about the test items and the directions given at the beginning of the test. The authors
paid special attention that the student group with whom the pilot practice was conducted represented
the lower, moderate, and higher achievement levels. After the pilot practice, the authors decided on ten
questions which did not have any problems of understandability. However, two items were deleted
since a ten-question test might be problematic in terms of duration. Then, the authors conducted another
pilot practice with 15 eighth grade students (seven females and eight males) in order to receive feedback
about the duration of the eight-question achievement test and review the items regarding their
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understandability. During the pilot practice, there were no statements by students expressing that they
could not understand the directions at the beginning, nor were there statements expressing that any of
the test items were unclear. Considering the durations of the student who finished the test the earliest
and that of the one who finished the test the latest in the preliminary practice group, the authors decided
the test duration would be 40 minutes.

Table 2. Demographic Data of Experts Who Evaluated Open-Ended Questions for Understandability
And Appropriateness for Eighth Grade Students

Experts Gender Educational Status

1 Man He is an associate professor in mathematics education.

2 Man He is an associate professor in mathematics education.

She is a graduate in Elementary Mathematics Teacher Education. She also has

3 Woman an M.A. degree in Mathematics Education and is a Ph.D. student in Curriculum
and Instruction.
She is a graduate in Elementary Mathematics Teacher Education. He also has an

4 Man M.A. degree in Curriculum and Instruction and is a Ph.D. student in the same
field.
She is a graduate in Elementary Mathematics Teacher Education. She also has

5 Woman an M.A. degree in Curriculum and Instruction and is a Ph.D. student in the
same field.

6 Man She is a graduate in Elementary Mathematics Teacher Education and is
currently doing a master’s degree in Educational Measurement and Evaluation.

- Man She is a graduate in Elementary Mathematics Teacher Education and is
currently doing a master’s degree in Mathematics Teaching.

8 Man She is a graduate in Elementary Mathematics Teacher Education and is
currently doing a master’s degree in Educational Measurement and Evaluation.

9 Woman She is a graduate in Elementary Mathematics Teacher Education and is
currently doing a master’s degree in Educational Measurement and Evaluation.
She is a graduate in Elementary Mathematics Teacher Education and is

10 Woman

currently doing a master’s degree in Educational Measurement and Evaluation.

Of the eight questions in the final form of the test six involved the relational level of SOLO
taxonomy. The other two questions involved the extended abstract level. Thus, the responses to six of
eight questions on the test vary from prestructural level to the relational level, while the responses to
the other two questions ranged between the prestructural level and the extended abstract level. Since
the questions on the unidimensional and multidimensional levels of SOLO taxonomy are intended to
assess recall and memorization, the researchers decided that asking these questions in the multiple
choice format would be more economical than the open-ended format. For this reason, questions for the
unidimensional and multidimensional levels were excluded from the study. The extended abstract level
requires making generalizations, hypothesizing, induction, deduction and combinational reasoning
processes and responding to questions on this level is closely related to students” development of
abstract thinking. Considering the characteristics of cognitive development, the researchers believed
that abstract thinking begins to be developed by eight grade students, but is not yet completely mastered
(Erden & Akman, 2011). For this reason, the questions on the extended abstract level were included on
the test, but limited to two questions. Since the questions on the relational level were aimed to assess
the behaviors such as building correlations, analyzing and explaining causes and results, the questions
on this level were deemed to be more suitable for the cognitive development of eight grade students.
Thus, the test included more questions from the relational level than the extended abstract level. Table
3 presents two questions that exemplify the relational and extended abstract levels on the mathematics
achievement test.
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Table 3. Sample Questions for Relational and Extended Abstract Levels of SOLO Taxonomy on

Mathematics Achievement Test

For the ABD and CBD
f triangles on the left; when
[ABI=5 cm, |ADI=12 cm,
IBCl=6 cm and ICDI=8 cm,
what is the range of possible
values for IBD|?

This question asks the students to solve the triangle
inequality for both triangles and then, combine
these inequalities to reach a consistent whole.
Therefore, this question corresponds to the
relational level of the SOLO taxonomy.

Ali and Ayse are playing a game, and trying to make
houses that are right next to each other using toothpicks
with equal length. Here are the houses Ali and Ayse made
while playing the game. Accordingly,

b)

<)

Calculate the number of toothpicks required to make
9 houses.

If 169 toothpicks are needed to make 42 houses, how
many toothpicks do they need to have to make 43
houses?

Create an algebraic expression for the correlation
between the number of houses and the number of
toothpicks.

Ali and Ayse want to make houses with different
geometrical shapes instead of pentagon-shaped ones,
and want them to be right next to each other again.
Decide on a different geometrical shape to help them.
For the houses that have the geometrical shape you
decided, create an algebraic expression between the
number of toothpicks and the number of houses.

Option a for this question is unistructural, and it is
sufficient for the students to draw six more houses
next to these three houses to answer this option
correctly. Option b is multistructural. The students
who fail to build an algebraic correlation between
the numbers of houses and toothpicks, yet calculate
the common difference of the pattern can answer
this option correctly. Option c requires that students
should build an algebraic correlation between the
numbers of houses and toothpicks. However,
option c is included in the relational level since the
correlation to be built is limited to the information
given in the question. Option d asks the students to
build a correlation beyond the information given to
them, which puts it on the extended abstract level.
Due to the hierarchical structure of the SOLO
taxonomy, the highest step that is calculated is
accepted as the basis when deciding on the
cognitive level of a question. Thus, this question is
included on the extended abstract level. However,
itis possible to do partial scoring by considering the
options that the student managed to answer
correctly.

Study Sample

The sample of the study included seven mathematics teachers serving as raters (three females

and four males) who scored the students’ responses to the open-ended questions. The raters

participated in the study on a voluntary basis, and they were selected according to the principle of

accessibility. Table 4 presents the demographics of the raters. As Table 4 shows, one rater is an M.A.

student in mathematics teaching, and the other six raters are M.A. students in assessment and

evaluation in education. The researchers believe that the characteristics of raters’ education levels are

not a disadvantage for the generalizability of study results, since the study was focused on the

comparison of the rubrics based on standard and SOLO taxonomies, and the same raters gave scores

using both types of rubrics.
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Table 4. The Demographics of the Raters
Length of Service
as a Teacher

Rater Gender Age Educational Status

She is a graduate in Elementary Mathematics Teacher
R1 Woman 22 - Education and is currently doing a master’s degree in

Mathematics Education.

She is a graduate in Elementary Mathematics Teacher
R2 Woman 22 7 months Education and is currently doing a master’s degree in

Educational Measurement and Evaluation.

She is a graduate in Elementary Mathematics Teacher
R3 Woman 23 7 months Education and is currently doing a master’s degree in

Educational Measurement and Evaluation.

He is a graduate in Elementary Mathematics Teacher
R4 Man 26 2 years Education and is currently doing a master’s degree in

Educational Measurement and Evaluation.

He is a graduate in Elementary Mathematics Teacher
R5 Man 25 2 years Education and is currently doing a master’s degree in

Educational Measurement and Evaluation.

He is a graduate in Elementary Mathematics Teacher
Ré6 Man 25 7 months Education and is currently doing a master’s degree in

Measurement and Evaluation.

He is a graduate in Mathematics Majored in
R7 Man 26 3 years Computer Science and is currently doing a master’s

degree in Educational Measurement and Evaluation.

Data Collection Tools

The authors used standard rubrics as well as rubrics based on the SOLO taxonomy to rate
students' responses to open ended mathematical questions. Both were developed as task-specific
holistic rubrics. The authors used separate standard and SOLO-based rubrics to rate every question on
the mathematical achievement test. To compare their rater effects, the authors used identical ratings to
avoid any influence that might be created by the use of different ratings in rubrics. The authors used a
four level rating system for both the standard and the SOLO based rubrics for the items 1 to 6 in the
mathematical achievement test. For items seven and eight, the authors used a five level rating system
for both rubrics. Appendix-1 contains an example of an open-ended question on the test as and its
standard and SOLO-based rubrics.

Standard Rubrics

The authors created a separate rubric for each item on the achievement test, which made eight
standard rubrics in total. The authors used a four level system for six questions. For the other two
questions, which included sub-targets, the authors used a five level system. Then, the authors consulted
the opinions of five experts about these rubrics. Table 5 presents the demographics of the experts
consulted about the standard rubrics.
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Table 5. The Demographics of the Experts Consulted About the Standard Rubrics

Expert Gender Educational Status

1 Man He is an associate professor in educational measurement and evaluation

2 Man He is an associate professor in classroom teaching.

3 Woman She has M.A. and Ph.D. degrees in Curriculum and Instruction.

4 Man He is a graduate in Elementary Mathematics Teacher Education. He also has an
M.A. degree in Curriculum and Instruction and is a Ph.D. student in the same field.

5 Man He is a graduate in High School Mathematics Teacher Education. He also has an

M.A. degree in Mathematics Education and is a Ph.D. student in the same field.

The expert opinions showed that: i) the statements in the rubrics were clear and understandable,
ii) the rating categories were well-defined, iii) the differences between rating categories were clear, iv)
the rubrics could be used to rate student groups with any levels of success, v) the rating criteria reflected
all sides of the characteristic the authors aimed to measure and did not include any rating criteria other
than that characteristic. Thus, the experts deemed that the standard rubrics were ready for use and did
not require revision.

Rubrics Based on the SOLO Taxonomy

The authors also created eight rubrics based on the SOLO taxonomy. Six questions in the
mathematical achievement test involve the relational level. The authors used a four level rating in the
rubrics created for these questions. Those levels were prestructural (0), unistructural (1), multistructural
(2) and relational (3). The other two questions in the test involve the extended abstract level. The
responses that students could give to these questions range from prestructural level to the extended
abstract level. Accordingly, the authors used a five level rating system for the SOLO-based rubrics for
these items. These levels were prestructural (0), unistructural (1), multistructural (2), relational (3) and
extended abstract (4). The authors consulted the opinions of four experts after creating the SOLO-based
rubrics. Table 6 shows the demographics of the experts consulted about the SOLO-based rubrics.

Table 6. The Demographics of the Experts Consulted About the SOLO-Based Rubrics

Expert Gender Educational Status
1 Man He is an associate professor in educational measurement and evaluation.
2 Woman She has M.A. and Ph.D. degrees in Curriculum and Instruction.

3 M He is a graduate in Elementary Mathematics Teacher Education. He also
an
has an M.A. degree in Mathematics Education.

He is a graduate in Elementary Mathematics Teacher Education. He is
4 Man also an M. A. student in Mathematics Educaytion and works as a
Mathematics teacher.

The expert opinions indicated that: i) the statements in the rubrics were clear and
understandable, ii) the rating categories were consistent with the levels of the SOLO taxonomy, iii) the
differences between rating categories were clear, iv) the rubrics could be used to rate student groups
with any levels of success, iv) the rating criteria reflected all sides of the characteristic the authors aimed
to measure and did not include any rating criteria other than that characteristic. Thus, the experts
deemed that the SOLO-based rubrics were ready for use and did not require revision.
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Procedure

The data were collected in the 2014 spring semester. In the first phase, the mathematical
achievement test, which was created to produce the documents to be evaluated by the raters, was
administered to the students in their classroom. The students were asked to write down the
mathematical operations they did to solve the problem in a clear way. After the test was administered,
the authors numbered the exam sheets. The authors made 14 copies of the exam sheets since each of the
seven raters rated the mathematical achievement test twice, using the standard rubric and the rubric
based on SOLO taxonomy. This produced the documents that were to be evaluated by the raters. The
scoring based on the standard rubric and the rubric based on SOLO taxonomy was done with these
documents, which were the data source of the study.

For assessments which cannot be done objectively, it is necessary to inform the raters before
they give their rates about the dimensions of the performance to be rated and the categories of the
rubrics that will be used to assess that performance (Kutlu, Dogan, & Karakaya, 2010). Considering this
necessity, the researchers gave training to the raters about the use of standard rubrics after deriving the
documents to be used for scoring, which also included sample scoring by raters using the standard
rubric. The authors’ training program thus included the introduction of the standard rubrics and
examples of such ratings. The sample scorings were done on four questions which were included in the
pilot version of the mathematical achievement test conducted with 13 students but were not included
in the actual implementation. For these four questions, the authors used students' responses that
represented higher, moderate and lower achievement levels. The raters scored the students' answers
based on the standard rubrics that were created for use in the sample ratings during the training session.
Once the sample ratings were complete, the authors provided feedbacks to the raters about their
assessments and completed the rater training on standard rubrics. After the training, the raters assessed
the exam sheets of 104 students during two days to two weeks.

Then, the raters assessed the exam sheets using SOLO-based rubrics. The authors taught the
raters about using SOLO-based rubrics. This training included the SOLO taxonomy and the SOLO-
based rubrics. The raters also did practice ratings using the SOLO-based rubrics. As done in the first
rater training, the sample ratings were conducted on the four questions that were included in the pilot
version of the mathematical achievement test that was administered to 13 students but were not
included not in the actual implementation. For these four questions, the authors used students'
responses that represented higher, moderate and lower achievement levels. The raters evaluated the
students' answers using rubrics based on SOLO taxonomy and were created to be used for these
questions in the training. Once the sample ratings were complete, the authors provided feedback to the
raters about their ratings and completed the rater training on the rubrics based on SOLO taxonomy. The
raters did this round of assessments during eight to 22 days. The steps followed in the collection of
research data was also summarized in Figure 1.

228



Education and Science 2017, Vol 42, No 189, 217-247 B. Cetin & M. iflhan

Administer the mathematical achievement test to students

Train raters to use standard rubrics

Raters perform ratings according to standard rubrics

Training raters to use rubrics based on SOLO taxonomy

Raters perform ratings according to rubrics based on SOLO taxonomy

Figure 1. The Procedures Followed During the Data Collection Process

Data Analysis

The study data were the ratings of 104 students' responses to eight open-ended mathematical
questions by seven raters using standard and SOLO-based rubrics. Thus, there are three facets in the
study. These facets are the students, the items and raters. The raters' assessments of the open-ended
mathematical questions using standard and SOLO-based rubrics were analyzed using the many-facet
Rasch model by means of FACETS program (Linacre, 2014). The study scored six questions on the
mathematics achievement test using 4-point rubrics. The other two questions were scored using a 5-
point rubric. Since the rating categories were different for the relational and extended abstract questions,
the analyses used mixed rating scale forms. Before doing the many-facet Rasch analyses, the authors
tested the correctness of the assumptions about these analyses. These assumptions include
unidimensionality, local independence and the fit between model and data.

Unidimensionality

The authors did an exploratory factor analysis (EFA) to test whether the study data confirmed
the unidimensionality assumption. The factor analysis was done considering the means of the raters'
scores for each item. For the rating done using standard rubrics, it was found that there was a one-
factor structure which explained 31.82% of the total variance, and the factor loads of the test items
ranged between 0.40 and 0.74. For the ratings performed using the rubrics based on SOLO taxonomy,
it was found that the test had a one-factor structure which explained 30.84% of the total variance, and
the factor loads of the items ranged between 0.35 and 0.70. According to the EFA results, the
unidimensionality assumption was confirmed.

Local Independence

Local independence is an assumption that works parallel to unidimensionality. Thus, when the
unidimensionality assumption is confirmed, the local independence assumption is also confirmed
(Hambleton, Swaminathan, & Rogers, 1991). Based on this point, the authors decided that the study
findings confirmed the local independence assumption. In other words, the authors did not test the local
independence assumption but accepted that it was confirmed since the unidimensionality assumption
was also confirmed.
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The Fit between Model and Data

The fit between the model and the data is determined by examining the standardized residual
values (StRes) created by the many-facet Rasch analysis. According to Linacre (2014); in order for the
model and the data to be fit with each other, the number of the StRes left out of the +2 interval should
not be more than 5% of the total data. Again according to Linacre (2014), in order for the model and the
data to be fit with each other, the number of the StRes left out of the +3 interval should not be more than
1% of the total data. In the study, 104 students’ responses to eight questions were rated by seven raters.
Thus, there were 5824 (104x8x7) data in total provided by the evaluations done using the standard
rubrics and the rubrics based on the SOLO taxonomy. In the ratings done using the standard rubrics,
the number of the StRes left out of +2 interval was 271 (4.65%), and that of the StRes left out of +3 interval
was 56 (0.96%). Therefore, the fit between the model and the data in the rating done using standard
rubrics was sufficient.

An analysis of the rating done based on the SOLO taxonomy indicated that the number of the
StRes left out of +2 interval was 289 (4.96%) and that of the StRes left out of +3 interval was 91 (1.56%).
Accordingly, the percentage of the StRes left out of +3 interval was above the 1% criterion offered by
Linacre (2014). However, Linacre (2014) did not precisely define these criteria, which he suggested
ought to be considered when making decisions about the fit between the model and the data. Rather,
he expressed them as approximate values. When the percentage of the StRes which are determined to
be left out of the +3 interval in the many-facet Rasch analysis is tackled this way, the fit between the
model and the data is acceptable. Accordingly, McNamara (1996) said that the many-facet Rasch model
should be used as long as the percentage of the StRes left out of +2 or +3 interval does not remarkably
deviate from the values that are suggested to be accepted as the criteria. In basic item response theory,
the analyses should be conducted with the model that better fits with the data set, whether one, two or
three-parameter models. This means that the two-parameter model can be used when the three-
parameter model is not fit enough with the data, or the one-parameter model can be used when the
two-parameter model poorly fits with the study data. However, there is no alternative model that can
be used instead when the fit between the model and the data is not high enough in the many-facet Rasch
model. With respect to this point, it is suggested that the many-facet Rasch model should be used in
performance evaluation even if the fit between the model and the data is not high enough (McNamara,
1996). Therefore, the percentage of the StRes left out of the +3 interval in the ratings performed using
rubrics based on the SOLO taxonomy is small enough to allow use of the many-facet Rasch model. After
determining that the assumptions were confirmed, the authors performed the many-facet Rasch
analysis. Following these analyses, the outputs were examined according to the criteria for rater severity
and leniency in the literature. Statistical indicators at the group and individual levels which were
analyzed to identify rater severity and leniency (Myford & Wolfe, 2004) were given on Table 7.

Table 7. Statistical Indicators of Rater Severity and Leniency

Group Level Individual Level
- Separation ratio and reliability index in - Any rater’s location on the variable map differing
rater facet from the other raters

- The t values calculated by using the logit measures

- Statistically significant chi-square value in for the raters, the mean and standard error of these

rater facet measures being statistically significant for any one
of the raters
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As Table 7 shows, the significance of the chi square test result for the rater facet is the first
indicator of the group-level rater severity and leniency. The significant chi square value shows that at
least one rater scored more leniently or severely than the others. The other group-level indicators of
rater severity and leniency are separation ratio and reliability index. The reliability index is expressed
between 0 and 1, while the separation ratio is expressed between the interval of 1 and infinity. Although
these two statistical values are reported as different metrics, they are both calculated using the same
information and lead to similar results for a certain facet. Considering the item and person facets, the
reliability index is interpreted similarly to the Cronbach’s alpha internal consistency coefficient (Bond
& Fox, 2007). Thus, it is suggested that the criteria of the reliability index should be at least 0.70, as in
Cronbach’s alpha coefficient (Walker, Engelhard, & Thompson, 2012). Values higher than 0.70 indicate
that students with different ability levels can be distinguished successfully and that items on the
assessment tool can be scored independently. The high values for the separation ratio and reliability
index in the rater facet indicate that the consistency between the raters (inter-rater reliability) is weak
and that differentiation is high. For this reason, it is desirable for the separation ratio and reliability
index of the rater facet to be low. However, there is no clear criterion in the relevant literature for
determining the maximum value the separation ratio and reliability index should have in order to
decide that the raters have similar severity and leniency.

Although the group-level statistical indicators show any difference between raters’ severity and
leniency, they do not give any information about which rater or raters cause this difference, if any. It is
necessary to examine the individual-level statistical indicators of rater severity and leniency to identify
the rater that causes the difference. First of these individual-level indicators of rater severity and
leniency is the t value which is calculated using the logit values of the each raters, the mean and
standard error of these logit values. As seen in Table 7, another individual-level indicator of rater
severity and leniency is raters’ positions on the variable map. In the many facet Rasch analysis, all
variability sources are converted to the logit scale with equal intervals, and presented together on the
variable map. The accumulation of the raters in close positions on this line shows that they gave scores
with similar severity and leniency. When the raters have different positions on the variable map, this
means that they have different severity and leniency.

Results

This section will present the study’s results. The outputs of many facet Rasch model contains
numerous tables and figures related to person, item and rater facets. Howewer, in the presentation of
the results only the tables and figures that may be statistical indicators of rater severity and leniency
will be given. First, the authors will describe the outcomes of the standard rubric ratings. Figure 2 shows
the variable map for them.
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Figure 2. The Rasch Model Variable Map of the Ratings Done with Standard Rubrics
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The measurements of the raters are shown in the fifth column of Figure 2. The raters at the top
of the column with a high logit score are more severe, while those at the bottom of the column with a
low logit score are more lenient. Rater number 6 was the most severe rater with 0.39 logit, and rater
number 3 was the most lenient rater with -0.45 logit. There are differences of severity and leniency
between the raters, which is indicated by the measurements range from the negative to the positive end
of the logit scale in the rater facet. The measurement reports of the rater facet should be examined to

make a definitive judgment. Table 8 presents the measurement reports of the rater facet.

Table 8. The Measurement Reports for Rater Facet of the Ratings Done with Standard Rubrics

Rater Measure Model S.E. Infit MnSq Outfit MnSq
R6 .39 .04 .98 1.08

R4 .26 .04 1.05 1.09

R7 .19 .04 .76 .90

R5 .02 .04 .97 1.01

R2 -16 .04 .87 97

R1 -24 .04 1.16 1.21

R3 -.45 .04 1.12 1.12
Mean .00 .04 .99 1.05
Standard Deviation (Population) .28 .00 13 .10
Standard Deviation (Sample) .30 .00 .14 .10
Model, Population: RMSE=.04 Standard Deviation =27 Separation=6.53  Reliability =98
Model, Sample: RMSE=.04 Standard Deviation =30 Separation =7.07 Reliability =98

Model, Fixed (all same) chi-square =306.0  df=6 p=.00
Model, Random (normal) chi-square =5.9 df=5 p=.32

Table 8 shows that the logit measurements of the raters range between 0.39 and -0.45, and that
the interval of rater severity and leniency is 0.84 logits [.39-(-.45)]. The logit value reported for each rater
and raters' intervals regarding the logit criteria are also shown on the variable map. Another statistics
in Table 8 is infit and outfit mean square statistical values. When the mean of the infit and outfit mean
square is 1, it shows that the fit between the data and the model is flawless. However, it is usually
impossible that the fit between the model and the data will be flawless in actual measurements (Brentari
& Golia, 2008). Therefore, the acceptable interval of the infit and outfit mean square statistics should be
determined. Wright and Linacre (1994) reported that the infit and outfit mean square values between
0.6 and 1.4 are acceptable. By this criterion, the values below 0.5 and those above 1.5 indicate that the
data are not suitable for measurement. However, Myford and Wolfe (2003) say that adequacy values up
to 2 are all acceptable. According to Myford and Wolfe (2003), infit and outfit mean square statistics
below 2 are acceptable, while values between 1.5 and 2 are not useful for measurement, but are not
harmful. Infit and outfit statistics above 2 indicate that the data are unfavorable for the measurement
(Sudweeks, Reeve, & Bradshaw, 2004). The means of the infit and outfit mean square statistical values

reported for the raters are 0.99 and 1.05 which are very close to 1. These values show that the data are
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consistent with the model. The authors also found that the infit and outfit mean square statistics were
within the acceptable interval for all raters, so no raters had a negative influence on the fit between the

model and the data.

A review of the separation ratio and reliability index in the rater facet shows that there are two
different models, which are the population and the sample. According to Linacre (2014), the separation
ratio and reliability index in the "model, population” line should be considered if all possible components
of any facet is included in the model. For instance, if the gender variable is a facet included in the
analysis, then all possible components of this facet will be included in the model as "male/female." In
such a case, the authors consider the separation ratio and reliability index in the "model, population" line.
However, the separation ratio and reliability index in the "model, sample" line is considered only if a
randomly chosen part of all components of the facet are included in the model. For instance, it is not
possible to include all possible components of person, rater, or item facets in the model. For these facets,
the components randomly chosen from person, rater and item population are included in the model. In
such a case, it is required to interpret the separation ratio and reliability index in the “model, sample” line
(Linacre, 2014). Accordingly, the separation ratio and reliability index in the "model, sample" line were
considered when interpreting the findings in the rater facet. Table 8 shows that the separation ratio of
the rater facet is 7.07 and the reliability index is 0.98. The separation ratio and reliability index are
statistics that are related to the reliability of the difference. The high reliability value for the person facet
shows that the students with different ability levels can be distinguished effectively. The high reliability
index for the item facet shows that the different conceptual aspects of the characteristic to be assessed
can be distinguished by raters. High reliability value for the rater facet shows that the raters are different
from each other regarding their severity and leniency since the reliability index calculated for the rater
facet shows the difference between the raters rather than similarity between them (Haiyang, 2010).
Accordingly, it is favorable that the distinction rate and reliability index in the rater facet are low, which
is in contrast with the item and person facets. A reliability of 0.98 shows that the raters do differ. The
chi-square value determines whether this difference is significant or not. In the many-facet Rasch
analysis, there are two different chi-square values reported, which are random normal and all the same.
The random normal chi-square value is accepted as a reference to decide if the components of any facet
represent a sample randomly chosen from a population with a normal distribution. The all the same chi-
square value is examined to determine any significant difference between the components of the facet
after the measurement error is allowed (Linacre, 2014). Accordingly, the authors analyzed the all the
same chi-square value to see any significant difference between the raters by leniency and severity. Since
the chi-square value was statistically significant [x?>=306.00, sd=6, p<.01], there is a significant difference

between raters in terms of severity and leniency.
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Given this difference, the researchers needed to determine which rater or raters caused this
difference by doing individual analyses. The variable map is a statistical indicator of rater severity and
leniency on the individual level. The source of the difference between raters is indicated by outlying
locations in the rater column of the variable map (Myford & Wolfe, 2004). The variable map on Figure
2 shows that all raters have different locations on the logit scale. Rater 5 is at the 0 level of the logit scale,
while raters 4, 6 and 7 are on its positive end, and raters 1, 2 and 3 are on its negative end. This shows
that Raters 4, 6 and 7 are more severe, while Raters 1, 2 and 3 are more lenient. However, the t-values
for each rater should be computed to make a definitive judgment on this issue. To compute the ¢-value,
the logit mean score of all raters is subtracted from the logit measurement of any rater and the result is
divided by the standard error of logit measurements. Then, the significance test is performed by
comparing this ¢-value to the critical t-value of the relevant degree of freedom. Since there are seven
raters included in the study, the degree of freedom was 7-1=6, and the critical t-value at the 0.01 level
with this degree of freedom was found to be 3.71.

Table 9. The Results of the t test on the Significance of the Differences in Severity and Leniency
between Raters Scoring with Standard Rubrics

Rater t-values  The significance of the difference

R6 9.75 | fealculated | >teritical; therefore, the difference is significant. Raters 4, 6 and 7 are
R4 6.50 located on the positive side of the variable map. This means, it was found
R7 4.75 that these raters were significantly more severe than the other raters.

R5 05 | fealeutated | <teriticat; therefore, the difference is not significant.

R2 -4.00 | fealculated | >teritical; therefore, the difference is significant. Raters 1, 2 and 3 are
R1 -6.00 located on the negative side of the variable map. Thus, it was found that
R3 -11.25 these raters were significantly more lenient than the other raters.

Table 9 shows the t values for each rater in the study and the results about the significance of
these values. According to this table, raters 4, 6 and 7 are more severe, while raters 1, 2 and 3 are more
lenient. The authors also analyzed the SOLO-based ratings. Figure 3 shows the variable map for them.
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Figure 3 shows that most raters are located at the 0 level of the logit scale or very close it. Since
the raters are all in the central part of the logit scale, there is no remarkable difference between the raters
in terms of severity and leniency. However, it is necessary to examine the measurement reports of the
rater facet to determine any significant difference between the raters. Table 10 shows the measurement
reports of the rater facet.

Table 10. The Measurement Reports for Rater Facet of the Ratings Done with SOLO-Based Rubrics

Rater Measure Model S.E. Infit MnSq Outfit MnSq
R6 .06 .04 1.02 1.19

R4 .04 .04 1.04 1.16

R7 .02 .04 .98 1.12

R5 .02 .04 1.00 1.15
R2 -.04 .04 1.04 1.12

R1 -.05 .04 .96 1.06

R3 -.06 .04 91 1.00
Mean .00 .04 99 1.12
Standard Deviation (Population) .04 .00 .04 .06
Standard Deviation (Sample) .05 .00 .05 .07
Model, Population: RMSE=.04 Standard Deviation =.02 Separation =51 Reliability =21
Model, Sample: RMSE=.04 Standard Deviation =.03 Separation =.69 Reliability =32

Model, Fixed (all same) chi-square =8.8 df=6 p=.18
Model, Random (normal) chi-square =3.6 ~ df=5 p=.61

According to Table 10, the logit measurements of the raters range between 0.06 and -0.06 and
the interval of raters' severity and leniency is 0.12 logits [.06-(-.06)]. This small interval, shows that the
severity and leniency differences between the raters are slight. The means of the infit and outfit mean
square statistical values reported for the raters are 0.99 and 1.12 which are very close to 1. These values
show that the data are consistent with the model. Moreover, the infit and outfit mean square statistics
of all raters are in the acceptable interval between 0.5 and 2.00 (Myford & Wolfe, 2003). This indicates
that none of the raters had a negative influence on the fit between the model and the data.

Table 10 shows that the separation ratio of the rater facet is 0.69 and the reliability index of this
facet is 0.32. The separation ratio and the reliability index in the rater facet are low, both of which
indicate that there is no difference between the raters in terms of severity and leniency. However, the
final decision on this issue is made using the chi-square value, which reflects any statistical significance
of the difference between the raters (Linacre, 2014). Since the chi-square value is not statistically
significant [x?>=8.8, sd=6, p>.05], it can concluded that there is no significant difference between the raters’
severity or leniency. After the evaluation of the group statistics, the authors analyzed the statistical
indicators on the individual level. Raters' locations on the variable map are the statistical indicators of
rater severity and leniency on the individual level. The variable map on Figure 3 shows that the raters
are all located at the 0 level of the logit scale, indicating highly consistent ratings. Another statistical
indicator of the rater severity and leniency on the individual level is the t-values calculated for the
participating raters. The t-values were calculated using the raters’ logit measurements, the mean and
the standard error of these measurements.
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Table 11. The Results of the f test on the Significance of the Differences in Severity and Leniency
between Raters Scoring with SOLO-Based Rubrics

Rater t-values The significance of the difference

R5 1.50

R4 1.00

R1 5

R6 D | fealculated | <feritical; therefore, the difference is not significant.
R3 -1.00

R7 -1.25

R2 -1.50

Table 11 shows that the t-values range between -1.50 and 1.50. Since there are seven raters
included in the study, the degree of freedom was 7-1=6, and the critical ¢-value at the 0.01 level with this
degree of freedom was found to be 3.71. The calculated t-values are not above the critical -value, which
shows that there is no difference between the raters in terms of severity and leniency.

The sample answer presented in Table 12 shows that there is significant difference between
raters when they give their scores using standard rubrics, but have similar severity and leniency when
they give scores using the rubrics based on the SOLO taxonomy. Table 12 presents one of the student’s
responses to question 3 on the mathematics achievement test (see Attachment 1) together with the scores
assigned to this response by the seven raters included in the question.

Table 12. A Sample Scoring by the Raters Based on the Standard Rubric, and on the Rubric Based on
SOLO Taxonomy

Standard Rubric
SOLO Based Rubric 2 2 2 2 2 2 2

Table 12 shows that the raters gave quite different scores to the same response when they used
the standard rubric. The same response was assigned to the good (2) category of the standard rubric by
rater 1, to the acceptable (1) category by raters 3, 4 and 5 and to the inadequate (0) category by rater 6. Using
rubrics based on the SOLO taxonomy, the raters agreed that this response was included in the
multistructural level of the SOLO taxonomy, and they all assigned it the same score.
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Discussion

This study used the many-facet Rasch model to analyze rater severity and leniency for open-
ended mathematical questions rated through standard and SOLO-based rubrics. Its results indicated
that the agreement of the raters was low when they used standard rubrics and there was significant
difference between raters by their severity and leniency. One of the main intentions of rubric use in
performance-based assessments is to ensure that the ratings do not vary by rater (Moskal & Leydens,
2000; Purpura, 2004). In other words, rubrics should minimize the rater effect and increase inter-rater
agreement (Dunbar, Brooks, & Miller, 2006). However, this study’s results show that standard rubrics
do not meet these expectations sufficiently. This finding is supported the results of the study conducted
by Giiler and Gelbal (2010). In their study, students' responses to open-ended mathematical questions
were rated by four different raters using holistic rubrics created without using taxonomy. Their results
showed that the agreement between raters was low, and that there was significant difference between
raters' severity and leniency. Accordingly, this study's findings are consistent with those of the study
by Giiler and Gelbal (2010). However, the interpretation of this consistency should take the differences
between the two studies into consideration. First of all, the study by Giiler and Gelbal (2010) created a
general rubric and used it to score all of the items, while this study created a specific rubric for each
question in the mathematics achievement test, and used these task-specific rubrics to score the responses
to the test questions. In addition, Giiler and Gelbal used rubrics with six level rating. The standard
rubrics used in this study were, though, had four and five level rating. Thus, neither task-specific nor
general, neither six nor five or four level rating standard rubrics are completely effective at eliminating
the differences in severity and leniency between raters. On the other hand, considering that both this
study and the study conducted by Giiler and Gelbal (2010) used standard rubrics with holistic structure,
the argument about the effect of standard rubrics on rater severity and leniency may not be valid for

analytical rubrics.

The individual-level indicators of rater severity and leniency demonstrated that three out of the
seven raters in the study were lenient scorers, while three of them were severe. In the scores given based
on standard rubrics, rater severity and leniency were observed in almost all of the raters in the study,
which is consistent with the theoretical knowledge in the relevant literature. Accordingly, Cronbach

(1990) said that rater severity and leniency was the most important rater effect in the rating process.

The authors also used the many-facet Rasch model to analyze ratings of students' responses to
open-ended mathematical questions with SOLO-based rubrics. This analysis showed that the
consistency of the raters was high and found no significant difference between raters' severity and
leniency. This result showed that the SOLO-based rubrics helped eliminate differences between the
raters and contributed to the objectivity of the rating process. The theoretical knowledge in the relevant
literature claims that SOLO taxonomy makes rating measurements more clear (Hattie & Purdie, 1998)
and consists of levels which can be understood easily (Biggs & Collis, 1982). The present study offers

empirical evidences for this kind of theoretical knowledge.
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An analysis of the empirical studies in the relevant literature indicates that some studies support
the idea that SOLO-based rubrics increase the reliability of raters, while others conflict with this finding.
For instance, the studies conducted by Burnett (1999) and Hundzynski (2008) analyzed the rater
reliability of assessments done using the SOLO taxonomy. The reliability coefficients of the raters were
0.85 and 0.87, respectively, and in accordance with this study’s findings. Another study that supports
the results of this study was conducted by Yazic1 (2013). In the study conducted by Yazic1 (2013), three
raters rated open-ended physics questions using rubrics based on the SOLO taxonomy. Its findings
showed that the level of the reliability between raters was high, and that SOLO-based rubrics reduced
the differences between the raters. Thus, this study's findings are similar to those of the studies
mentioned. This is, though, not a complete overlapping, since the difference between raters was tested
using many-facet Rasch model in this study, while the previous studies of this subject used correlation
analysis for the same objective. Correlation analysis reveals whether the ranking by raters of the persons
they evaluate is consistent (relative consistency), yet it does not give any information about the absolute
consistency between them (Goodwin, 2001). On the other hand, in the many facet Rasch model the
difference between raters regarding severity and leniency is calculated considering the true values of
their scores for the persons they evaluate (absolute consistency) rather than their ranking of these
persons (Sudweeks et al., 2004). Accordingly, a comprehensive analysis of this study's findings and
those of previous studies of this subject shows that the rubrics based on SOLO taxonomy improve both

relative and absolute consistency between raters.

The results of the study by Leung (2000) differ. Leung (2000) evaluated rater reliability of ratings
done with SOLO-based rubrics and found that the correlation coefficient between the raters was 0.49.
According to Leung (2000), their reliability was low because the raters were not used to rating with
SOLO-based rubrics. The authors believe that the difference between this study and Leung’s (2000) can
be explained by the fact that the raters in this study were taught how to use SOLO-based rubrics.
Presumably, the sample ratings done during the training helped them familiarize themselves with the

rubric categories.
Suggestions

The results of this study suggest that rubrics based on the SOLO taxonomy should be used for
the rating of open-ended mathematical questions both in large scale examinations and in classroom
evaluations. The use of SOLO-based rubrics for rating open-ended mathematical questions will
minimize the variance resulting from the rater. Moreover, the SOLO taxonomy can be used to rate open-
ended questions in a variety of disciplines since it does not depend on the content (Kanuka, 2011). These

results confirm that the study findings will make great contributions to the relevant practical studies.
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This research puts forward both practical suggestions and implications for future research.
There are no studies in the relevant literature identifying either standard rubrics or the rubrics based on
taxonomies such as SOLO, Bloom, Fink, Detmer or Haladyana as more influential in reducing
differences between raters. The authors believe that this study will meet this need in the literature since
it does a comparative analysis of rater severity and leniency with standard and SOLO-based rubrics.
However, this study does not explore whether rubrics based on the Bloom, Fink, Detmer and Haladyana
taxonomies are better than standard rubrics at reducing rater effect. In this context, the assessment of
the open-ended mathematical questions rated with standard rubrics and with any of these four
taxonomies should be compared for rater effect. This study used the original five-level structure
suggested by Biggs and Collis (1982) to prepare the SOLO-based rubrics it used. There are also studies
which restructure the SOLO taxonomy by adding seventh, eighth, and ninth levels (Burnett, 1999; Chan
et al., 2002). These studies show that the number of levels used in SOLO-based rubrics influences the
assessment results. Therefore, future studies should analyze rater severity and leniency in open-ended
mathematical questions assessed with SOLO-based rubrics that have more levels. Third, the rater effects
analyzed in this study are limited to rater severity and leniency. Future studies should also analyze
other rater effects such as central tendency, halo effect, rater bias and randomness. Another limitation
is that the study consisted of 104 students' responses to eight open-ended mathematical questions rated
by seven raters. In Rasch analyses, the findings provided by 100 to 200 students are accepted to be
sufficient for parameter predictions. However, considering that analyses based on item response theory
produce more accurate prediction with more participants (DeMars, 2010) and that the many-facet Rasch
model is a continuation of the item response theory, it is suggested that similar studies should be
conducted using a larger data source. Finally, this study analyzed the ability of standard rubrics and
SOLO-based rubrics to reduce rater effects in open-ended mathematical questions. Similar studies

should be conducted in different courses to be able to generalize its findings.
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Appendix 1

An Open-ended Mathematical Question
If p is a real number, which is larger, 2p or p+6?

A Standard Rubric

Rating Criteria

The problem is perfectly understood.
-To find which of the two mathematical expressions is larger, the student established relationships
3 points of equality and inequality between 2p and p+6 and found the correct answer. The answer is below.
It is a clear, understandable and exemplary solution.
Excellent .
2p>p+6 is correct when p>6.
2p=p+6 is correct when p=6.
p+6>2p is correct when p<6.
The problem is generally understood.
-The solution is mainly correct except for minor errors. The student used the relations, 2p>p+6,
2 points 2p=p+6 and p+6>2p. However, the student failed to complete the task due to minor calculation errors
Good or other unclear reasons.
-The student found the correct answer, which is; the two expressions are equal when p=6 and 2p is
larger when p>6 and p+6 is larger when p<6. However, the explanation of how the student solved
the problem is insufficient.
The problem was partially understood.
1 point -The student started to solve the problem with correct strategies such as establishing equalities or
inequalities between 2p and p+6. However, they failed to complete the problem.
Acceptable . . .
-The student was only able to start with the correct strategy. There are major errors in the
operations done by the student.
The problem was not understood.
-The student wrote down notes such as "The values of 2p and p+6 are unknown, so it is not possible
0 points to determine which is larger."
Inadequate -The student did not do any operations to determine whether 2p or p+6 was larger.
-The student wrote, "We are asked to find whether 2p or p+6 is larger," which merely restates the
problem.
-The student used an incorrect strategy to find which expression is larger.

A Rubric Based on the SOLO Taxonomy

Rating Criteria

. The student is capable of appointing p=6 as the critical value and assumes that there are different
3 points .. .
. conditions for p being above or below 6. The student found the correct answer: 2p=p+6 when p=6;
Relational .
2p>p+6 when p>6, and p+6>2p is correct when p<6.
The student is aware that p is a variable. The student tried to solve the problem by appointing
multiple values to the p variable. The student is able to make an interpretation by appointing
2 points different values to p yet fails to consider all possible situations. In particular, the student is not
Multistructural | aware that the two statements are equal when p=6, and that the results would differ with values
larger and smaller than 6. The student may write, "p+6 is larger when p=2, and 2p is larger when
p=10. So whether 2p or p+6 is larger depends on the circumstances."
The student attempted to solve the problem by assigning a single value to p. The student is aware of
1 point the concept of variables. However, the student used a one-dimensional approach to the problem.
Unistructural The student's response to the problem may be: "When p=3, 2p=6 and p+6=9. Therefore, p+6 is larger
than 2p."
. The student has difficulty understanding the problem. The student's responses are not relevant.
0 points . . . e
Since the student does not have any idea about the concept of variables, they may add dissimilar
Prestructural . . .
terms such as p+6=7 or assign different values to p in 2p and p+6.
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